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A B S T R A C T
At the beginning of the SUPRIM project, there was no global consensus on the assessment of impacts from the use
of abiotic resources (minerals and metals), in life cycle impact assessment (LCIA). Unlike with other impact
categories such as global warming, there is not just one single, explicitly agreed-upon problem arising from the
use of abiotic resources. The topic is complex and new methods are still being developed, all with different
perspectives and views on resource use. For this reason, the SUPRIM project initiated a consensus process to-
gether with members from the research and mining communities, with the aim to obtain an understanding of
different stakeholders’ views and concerns regarding potential issues resulting from the use of resources. This
paper reports on this consensus process and its outcomes. Insights from this process are twofold: First, the
outcome of the process is a clear definition of the perspectives on abiotic resources which form the starting point
to further refine or develop LCIA methods on abiotic resource use. Second, the process itself has been a chal-
lenging but valuable exercise, which can inspire the evolution of other complex issues in life cycle impact
assessment, where research communities face similar issues as experienced with abiotic resources (e.g. water and
land use, social LCA, etc.).
1. Introduction
Life cycle assessment is an established technique used to evaluate
environmental impacts of products and processes; and there is a good
level of consensus on many life cycle impact assessment (LCIA) methods
today. However, for abiotic resources, which include minerals and
metals, simply referred to as ‘resources’ in this manuscript, methods
dealing with the depletion of geological stocks have been criticized by
representatives of the metals & mining industries. Therefore, the Life
Cycle Assessment (LCA) community has been developing a number of
new, but divergent methods, which all focus on different issues related
to resource use (Sonderegger et al., 2017).
This lack of a broadly accepted method and the ongoing develop-
ment of new methods are likely attributable to the lack of a common
perspective on resource use, and a common understanding of the po-
tential problem(s) related to the use of resources. This was the starting
point of the SUPRIM project.1 The acronym stands for Sustainable
Management of Primary Raw Materials through a better approach in
Life Cycle Sustainability Assessment. The aim of SUPRIM was to obtain
an understanding of different stakeholders’ views and concerns re-
garding potential issues which result from the use of resources, and to
use the insights for the development of an LCIA method that reflects
these concerns. In general, a consensus on LCIA methods is important
when LCA studies are conducted in a product- or corporate bench-
marking or policy context (Jolliet et al., 2014). The LCA community
organizes consensus-finding processes for impact assessment methods
by means of working groups consisting of voluntary experts from the
respective research fields, which aim to build scientific consensus on
environmental LCIA indicators (Frischknecht et al., 2016; UN
Environment, 2019). This is achieved by means of virtual meetings and
stakeholder workshops. In parallel (and in collaboration) with the SU-
PRIM project, efforts towards a harmonization of LCIA for natural re-
sources were undertaken by the Task force on mineral resources of the
Life Cycle Initiative hosted by UN Environment (Task Force Mineral
Resources) during the years 2015-2018. Given the variety of perspec-
tives on resource use (Ali et al., 2017; Dewulf et al., 2015; Giurco et al.,
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2014; van Oers and Guinée, 2016; Sonderegger et al., 2017), and the
complexity this brings to the development of LCIA methods for this
topic, a thorough discussion of the underlying aims and strategy to the
management of resources seemed necessary. The SURPIM project
therefore tackled the issue by ‘taking a step back’ and initiating a
structured discussion about potential problems with resource use, and
different motivations behind resource management concepts. To over-
come the difference in views on sustainability and resources held by the
mining industry and LCA community (Freitas de Alvarenga et al., 2019;
Gorman and Dzombak, 2018), a special focus was put on enabling
discussions between those two groups.
Stakeholder consensus processes can take various forms. They may
involve face-to-face meetings with informed and in-depth discussions
on the topic at hand (Innes, 1996), or a combination of different
methods, including literature reviews, surveys and face-to-face meet-
ings (Devane et al., 2019). A recent meta-analytical study on consensus-
orientented decision making identified a number of factors as crucial to
the success of these consensus processes, including a face-to-face dia-
logue, trust building, and the development of commitment and shared
understanding (Ansell and Gash, 2008).
This paper is the first part of a two-part submission. It outlines the
steps undertaken in the SUPRIM consensus finding process, conducted
with the help of a multi-level framework created to guide the process,
and presents its outcome: the definition of perspectives used as a basis
for further method development in the project. Part II to this publica-
tion has been submitted to this journal in parallel by the same project
team (Schulze et al., 2019, submitted). In Part II, the linkages between
the perspectives on abiotic resource use taken by the LCIA method
developers and the models they use are analysed. That analysis is done
with the help of the same framework.
With this paper (Part I), focusing on the consensus process, we aim
to contribute to two different fields of knowledge. First, the outcome of
the process is a clear definition of the perspectives on resource use. This
outcome is expected to be useful to other researchers working on the
development of LCIA methods on resource use. It also provides the basis
for the understanding of the methods to be developed by the SUPRIM
team in particular. Second, the consensus-finding process itself can
inspire the evolution of other complex issues in LCIA, where research
communities face issues similar to those experienced with abiotic re-
sources. As part of the discussion to this paper, we provide an outlook to
other topics of LCIA where we believe such a process could be bene-
ficial.
2. The process
Below, we outline the consensus process undertaken in SUPRIM and
its outcomes: the definition of the perspectives on resources for use as a
starting point to develop methods later on in the project. To begin with,
a literature review was conducted to gain an overview of current dis-
cussions on LCIA of abiotic resource use. Using the insights, a frame-
work was developed to guide a structured discussion with stakeholders
on the perspectives on resource use. This discussion took place in the
form of a workshop with external stakeholders, during which the most
commonly preferred perspective type was established.
2.1. Outlining a framework
Prior to the stakeholder workshop, participants were contacted and
informed of the topic by means of a workshop input paper. For this
purpose, a framework was developed which would enable a structured
discussion on the complex, multifaceted issue of resource use. The
framework is the result of an effort to organize a number of relevant
questions into a logical structure. It was created in a way that is open
and capable of reflecting a large range of possible perspectives on re-
sources. Furthermore, the workshop participants were invited to pro-
vide answers which go beyond the questions provided by the frame-
work structure in order not to restrict or cut-off any possible views. The
framework consists of (1) an overarching perspective, (2) a conceptual
level (“Modelling Concept”) and (3) a practical implementation level
(Fig. 1). Level 4 is not part of the method development process as such,
but has been included in the framework to emphasize that the life cycle
inventory data collection needs to be aligned with the respective LCIA
method. This section outlines the idea of the framework which is being
used in SUPRIM. Level one of the framework concerns the perspective
on resources. It is detailed in Section 2.1.1, and is the most relevant
level for the consensus process described in this paper.
2.1.1. Level 1: perspective on resources
Level 1 of the framework asks why resource use is of concern. and
thereby clarifies which perspective on resources is taken. It does so by
introducing three criteria to define the perspective on resource use:
“role”, “goal & scope” and “problem”. A basic requirement for the de-
finition of a perspective on resources is an understanding of the re-
source use (& supply) system currently in place, as well as its societal
and environmental benefits and challenges.
2.1.1.1. Role. Abiotic resources can be valued for different reasons,
ranging from a (conservationist) value of the resource per se, to
Fig. 1. Framework for analysis (and development) of LCIA methods, and other approaches to modelling the use of abiotic resources (minerals and metals), and
relevant aspects in this paper.
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ecosystem functions (e.g. soil formation and nutrient cycling), to their
role in the economy. It is therefore important to clarify the role and
context in which they are seen. The ‘role’ of resources explains the
motivation behind protecting the resources – see also Dewulf et al.
(2015). The role is defined as the context in which the resources are
valued - in relation to
• the stakeholder ‘interested’ in the resources, i.e. either humans, the
environment, or the resources themselves
• the system of concern in which the resources and/or their functions
are valued (e.g. environment or economy), and
• the relevant production system (primary, or primary and secondary
production).
When used in combination, the three criteria on the role of re-
sources clearly define who is motivated to protect or maintain the re-
sources, which system (environment or economy) they are valued in,
and which system they originate from (the primary, or both the primary
and the secondary production system). Since they clarify the over-
arching strategic perspectives, the definition of the ‘role of resources’
can be used to classify resource management concepts and impact as-
sessment methods. The combinations are therefore also referred to as
‘perspective types’ Through the definition of distinctive answers given
above, a list of possible combinations can be provided (Table 1), not all
of which are equally meaningful, and some of which are difficult to
interpret.
Combinations A–E (Fig. 2) may be particularly relevant and are
therefore described as examples below:
Type A perspectives concern a human interest in resources obtained
through primary production (e.g., mining and subsequent processing)
for use in the economy, for example, primary aluminium which is
mined to manufacture a window frame. Type B perspectives differ from
Type A perspectives in that the aluminium produced from secondary
sources (through recycling) is valued as well as that from primary
production. Type C perspectives concern the role of abiotic resources in
ecosystem functions, e.g. filtering of water, soil formation etc. Type D
perspectives consider both the functions valued under Type A and Type
C perspectives at the same time. For example, in the case of sand and
gravel, the role of the resources in the economy as a building material is
valued as well as their role in the natural environment (e.g. seabed or
beach). Type E perspectives are very abstract and included here for the
sake of completeness and differentiation only. Sometimes, the latter are
also associated with the term ‘intrinsic value’ (of the resources).
Perspective Types A–E are elaborated in more detail in Part II of this
submission.
2.1.1.2. Goal and scope. Furthermore, as part of the definition of the
perspective, the goal with regards to resource use needs to be defined.
For example, the goal may be to ensure the continued accessibility of
resources in the economy, or to balance their accessibility in
environment and economy (see SI Table 1 for a detailed clarification
of the term accessibility as used in SUPRIM). In brief, availability
concerns the physical presence of a resource, and accessibility concerns
the ability to make use of a resource. Resource management concepts
differ in terms of goals. To illustrate this point, the following example is
provided: When focusing on critical resources, the goal is to prevent
supply disruptions, or to reduce supply risks. This can be achieved in
different ways such as a demand reduction through substitution efforts
for critical metals, or investments into new mining projects. Here, the
goal is not necessarily a reduction of the primary production output.
However, resource management concepts concerned with a finite
resource stock in the environment usually aim at a delay or reduction
of primary production output.
The criterion ‘goal’ is closely related to the role of resources, but
more specific; i.e. for each perspective type (“role of resources”) de-
fined, the definition of one or more goals is possible. The goal is defined
in scope, which comprises a time perspective, a geographical perspec-
tive (e.g. global, European), and the types of resources covered by the
assessment (e.g. elements, and/or minerals, natural stone). The time
perspective clarifies to what extent the interests of future generations
are considered, and how future interests are to be balanced against
current interests – see e.g. Goedkoop et al. (2009), Hellweg et al.
(2003). The time perspective also has further implications for the scope
of resources to be covered, and later, for the data used to determine the
relative impact of different resource flows.
2.1.1.3. Problem. The problem describes what prevents the defined
goal from being achieved. In broad terms, it concerns the increased
difficulties which people may face with regards to the use of a resource,
i.e. that when using a resource, it is temporarily or permanently
unavailable for the purpose(s) considered. The problem definition can
(not exhaustively) concern:
• a permanent, irreversible loss of a resource from a certain system as
a consequence of its removal from that system (e.g. the removal of
resources in their original form from the environment)
• the destruction of useful/ valued properties (exergy, mineral struc-
ture, concentration of target metal) or
Table 1
Eighteen ‘perspective types’, based on all possible combinations of the ‘role of resources’.
Combination Stakeholder System of concern Production System Perspective Types, based on role of resources
Who is interested System where they are valued Source for production
1 Human Economy Primary A
2 Human Economy Primary & Secondary B
3 Human Environment Primary C
4 Human Environment & Economy Primary D
5 Resource Environment Primary E
6 Resource Economy Primary & Secondary F
7 Human Environment Primary & Secondary G
8 Human Environment & Economy Primary & Secondary H
9 Resource Economy Primary I
10 Resource Environment & Economy Primary J
11 Resource Environment Primary & Secondary K
12 Resource Environment & Economy Primary & Secondary L
13 Environment Environment Primary M
14 Environment Economy Primary N
15 Environment Environment & Economy Primary O
16 Environment Environment Primary & Secondary P
17 Environment Economy Primary & Secondary Q
18 Environment Environment & Economy Primary & Secondary R
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• a change in accessibility of the resource.
The consideration of an absolute loss is linked to an assumption of a
fixed stock of resources. The stock can be defined by the presence of the
resources in the “system of concern” where their functions are valued,
its accessibility in that system, its accessibility to the relevant produc-
tion system2 or indirectly through a property which is considered
beneficial (e.g. exergy, presence of certain metals in the ores). The
property-based definition of the stock can be linked to a system (en-
vironment or economy), combining both criteria - e.g. through a
minimum concentration of an element in the ore, i.e. in the environ-
ment, at relevant volumes.
2.1.2. Level 2: modelling concept
Level 2 of the framework, which is referred to as ‘the modelling
concept’, comprises the system model and the basis for impact assess-
ment of using one resource compared to another.
The system model is an illustration of how resource stocks and flows
are positioned with regards to the environment and economy. For ex-
ample, the stocks may be positioned within the environment and the
flows may be located between environment and economy. The illus-
tration defines the life cycle inventory flows which the impact assess-
ment is based on, and, at the same time, illustrates which flows and
stocks need to be considered in the characterization model. For logical
consistency, the positioning of the stocks relevant to the LCIA model
should match the position of the flows of the LCI model and, at the same
time, reflect the role of resources, and the goal and scope definition. To
give an example: If the depletion of geological stocks of resources is the
prime concern, it makes sense to base the model on resource flows from
the environment to the economy. If, however, a stock of primary and
secondary sources is the matter of concern, those flows may no longer
be relevant, and a different system model would be required (see also
Part II to this paper).
The ‘basis for impact assessment’ refers to the criterion according to
which the use of one resource is evaluated against the use of another.
For example, the criterion might be mass, energy content or different
kinds of costs associated with the resource flows. It is based on the
potential of different resource flows to contribute to the considered
impact category for the assessment of resource use. It is primarily a
function of the problem definition, but also needs to be in accordance
with the role, goal and scope defined as part of the perspective.
2.1.3. Level 3 and 4: practical implementation and data collection
At the third level, the i.e. the practical implementation level, the
equation which specifies how the characterization factors are calcu-
lated is built in accordance with the modelling concept. Data is com-
piled for the characterization factors in line with the relevant flows
defined in the system model and the scope of resources covered by the
method. At the fourth level, life cycle inventories have to be compiled
accordingly.
2.2. Defining the perspective
The task to define the problem was tackled by means of a workshop
with external stakeholders with the aim to create a common under-
standing amongst the participants and their stakeholders of the per-
spectives on resource use and the potentially associated problem(s). The
idea was to go “back to the drawing board” to understand the partici-
pants’ views on the role(s) of abiotic resources that need protecting, and
on the issues they thought needed to be managed. To obtain a thorough
understanding, the participants were invited to share their knowledge
regarding the resource use and supply system. The project’s focus was
on LCIA methods assessing the impacts associated with the (human) use
of abiotic resources, and in particular, the dialogue between method
developers and the mining industry to work towards a consensus re-
garding the application of life cycle impact assessment methods on
resource use. This focus was chosen since mining industry re-
presentatives had previously engaged in a dialogue with the life cycle
assessment community and had taken the role of the most interested,
but also most critical stakeholders. Hence, the workshop participants
were identified and selected to represent a mixture of stakeholders from
industry, policy support, research institutes and academia, with the aim
to achieve a balanced composition of participants with regards to their
work experience in relation to both resources and LCIA. Some partici-
pants had a track record of developing and evaluating LCIA methods,
and/ or were involved in the ‘Task Force Mineral Resources’. Others
had been involved in policy support regarding abiotic resources, had
implemented LCIA methods in an industrial setting, were re-
presentatives of the mining industry or had backgrounds in geology.
Other members from the resource supply chain (e.g. from the metal
processing industry) were invited but could not attend. Although the
number of workshop attendees had to be limited to a practical size for
organizational reasons, opinions of interested non-attendees were also
considered and included those of people not professionally engaged
with resources.
The workshop was finally attended by 17 representatives from in-
dustry, industry associations, academia, research institutes and policy
support, including partners from the SUPRIM project and invited
Fig. 2. Five different perspective types (“roles”) of resources.
2 In case of a model that assumes only primary production, the focus is on the
presence of resources in the environment, since it is the environment that re-
sources are taken from.
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project-external stakeholders.
Prior to the workshop, participants were provided with an input
paper introducing the topic and points for discussion. Participants were
asked to answer the following two questions:
1 What, in your opinion, are the key issues of concern to be addressed
when managing abiotic resources (minerals, metals, natural stone)?
2 Can and should these issues be addressed by LCIA methods, or
would other tools be better suited?
Furthermore, the workshop input paper also introduced the frame-
work to the workshop participants (2.1). Following the structure of the
framework, for each role, there could be several goal and scope defi-
nitions. And then again, for each defined role-goal-scope combination,
there could be several problem definitions. This ‘openness’ was ad-
dressed through the introduction of distinctive criteria at each level.
Those are shown in Fig. 3. For example, for the role of resources, the
criteria are stakeholder, system of concern and production system.
2.2.1. Choosing the role of resources
At the core of the workshop was a moderated discussion which
aimed at finding a consensus on the different views and perspectives.
The moderation focused on the two questions that had already been
introduced in the workshop input paper (see section above). The dis-
cussion started by asking all workshop participants to formulate their
own concerns related to resource use in response to question 1. The idea
was that this question should be answered independent of any pre-de-
fined perspectives, views on existing LCA methods, feasibility of ad-
dressing the issues in LCIA, etc., in order not to restrict the participants
in their answers. Participants recorded their views on post-it notes. The
moderators then ordered the thoughts on a whiteboard by common
topics in order to identify themes of concern to the participants to be
addressed in more detail in sub-group discussions. Ten themes were
identified by the moderators. They included “availability and access”,
“sociopolitical risks”, “economic issues”, “resource quality aspects”,
“policy”, “depletion”, “environmental issues”, “use/function”, “knowl-
edge and information”, and “other”. Participants were asked to place
“voting stickers” onto the whiteboard, representing three possible votes
for each theme: “already addressed in LCA” (blue stickers), “should not
be addressed in LCA” (red stickers), “is not yet addressed in LCA, but
should be” (yellow stickers). This was done in order to identify the
themes which the participants considered relevant for coverage in LCA,
but which were at the same time not yet well represented in LCIA.
The list was narrowed down to three themes to be covered during
the group discussions: availability and access, depletion, and resource
quality aspects. This was broadly based on the number of people who
thought a topic was not currently covered in LCA, but should be (i.e.,
the number of yellow stickers assigned to one topic) (Table 2).3 Parti-
cipants were then split into three working groups and asked to reflect
on these themes during group discussions, and to use the evaluation
scheme provided in the workshop report (Fig. 3) to attempt the for-
mulation of a common perspective within each working group. As a
starting point for the discussions, an initial list of five perspective types
identified in the workshop report was given as an input to the workshop
participants (Fig. 2). The suggested perspective types were intentionally
addressing very basic, general questions and thus were not intended to
restrict, but to guide the consensus process.
The overall picture compiled as a result of the “brainstorm session”
(i.e. the very open question about peoples’ views on the key issues with
resource use) provided some very diverse answers from individuals,
likely due to differences in professional and personal backgrounds and
views. The groups were given some time for discussion, during which
they used the suggested criteria and questions presented in Fig. 3 as a
guideline for a discussion on the perspectives of greatest interest and
relevance. Furthermore, they reflected on the three focal topics iden-
tified during voting (Table 2) in order to come to a consensus regarding
the key issues regarding resource use to be assessed in LCIA. After some
time for discussion, each group presented the outcome of their discus-
sion. The focus of the group discussions varied, but participants all
agreed that one of the pre-defined perspective types presented in Fig. 2
should be given priority for further analysis, namely the Type B per-
spectives. The Type B perspectives focus on both primary and sec-
ondary resources used by humans in the economy. The Type B per-
spectives were adopted as a basis for further development of
perspectives in SUPRIM. Besides the input given during the workshop,
answers were received from other stakeholders who were unable to
attend the workshop in person. The non-attendees mentioned the
Fig. 3. Suggested criteria for the discussion on perspectives.
3 The topic “(lack of) knowledge and information” was not selected for the
group discussions since it was considered more a common cause of concern
about the other topics raised, rather than a topic of concern in its own right. The
topic “depletion” was chosen instead, due to its high relevance in current dis-
cussions around life cycle impact assessment, and due to some of the partici-
pants suggesting that the topic was not yet appropriately covered in LCIA.
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increased demand for recycling or the potential consideration of sec-
ondary stock when assessing the impacts of resource use in LCIA, which
might suggest a potential support for adopting the Type B perspective
when assessing resource use in LCIA. Since all respondents had – as
requested - discussed relevant issues within their organizations prior to
the workshop, the consensus perspective could be considered to reflect
more than the opinion of a small number of individuals. This was
confirmed when it was subsequently endorsed by the UN Environment
Life Cycle Initiative ‘Task Force Mineral Resources’, who used align-
ment with Type B perspectives as a criterion for its evaluation of LCIA
methods and formulated a safeguard subject for mineral resources
within the AoP natural resources based on this perspective (Berger
et al., 2019; Sonderegger et al., 2019).
Looking back at Level 1 of the framework (Fig. 1), the workshop was
only able to address the role of resources. Therefore, starting from the
Type B perspective for the role of resources, the next task for the SU-
PRIM project team was to come up with a manageable number of goal
and scope and problem definitions considered important and relevant
to complete the perspective. However, it soon became clear that this
was a challenging task. Several attempts had to be made for a consensus
on the goal and scope, despite this step being tackled as a project-in-
ternal exercise. The process is outlined below.
2.2.2. Defining the goal and scope
2.2.2.1. Attempting a consistency- and relevance-based approach. At first,
it was decided to tackle the challenge of the goal and s cope definition
through a systematic exercise to be conducted by the SUPRIM project
team. Starting from the criteria for the goal and scope definition
previously communicated to the workshop participants (Fig. 3), the
criteria were slightly refined: 2–3 distinctive possible answers were
defined for each criterion (i.e. goal, resource scope, temporal scope and
geographical scope).
1) Goal: ensuring availability or ensuring accessibility
2) Resource scope: elements, configurations, or elements and config-
urations4
3) Temporal scope: 5, 25 or> 100 years
4) Geographical scope: country, continent or global scope
Combining all options for the four criteria results into 54 combi-
nations. For those 54 combinations, a consistency- and relevance check
was performed to evaluate which combinations appeared to be both
logically consistent and relevant, in order to shorten the list of per-
spectives down to a workable number. This was both attempted during
a physical meeting, and as a desktop exercise conducted by each
member of the SUPRIM project team individually.
Even though the SUPRIM team members agreed to the very detailed
definitions outlined in SI Table 1, and a structured procedure for nar-
rowing down the list of 54 combinations, due to the complexity and
multidimensionality of the topic of resource use, the reasoning of in-
dividual team members revealed differences in understandings of the
definitions, and consequently, the outcome of narrowing down the
combinations was far from a consensus. Therefore, it was decided to
shift again to a top-down approach while drawing on the arguments
and discussions from the bottom-up approach.
2.2.2.2. Taking a practicable shorter route. For practicality reasons, it
was decided to narrow down the 54 combinations based on a majority
vote. The team members were asked to decide on a maximum of two
combinations of goal and scope definitions from the list of 54
combinations. This was simply decided as a straightforward approach




























































































































































































4 Configurations are naturally occurring abiotic materials like sand, clay,
limestone, gypsum etc. (Van Oers et al., 2002)
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remained (see Table 3). It was then suggested to reduce the list of
combinations shown in Table 3 down from five to a more workable
number of four, based on the previous inclusion or exclusion of the
combinations by the individual team members.
The majority of the SUPRIM team members was in favour of the
remaining four combinations (the first four combinations shown in
Table 3). Consequently, it was decided to take forward those four
combinations for further elaboration - from role, goal, scope, compro-
mising actions towards problem definitions. In summary, all chosen
perspective combinations share
• the Type B perspective, determined as the perspective type re-
flecting most stakeholders' interests/ concerns during the workshop.
The Type B perspective is based on the use of resources by humans
in the economy, and considers both primary and secondary pro-
duction (e.g., mining and recycling).
• a concern which focusses on the accessibility (rather than avail-
ability) of resources (see SI Table 1 for a detailed clarification of the
term accessibility as used in SUPRIM)
• a global scale as geographical scope
The focus on accessibility can be explained by the recognition of the
observation that availability in itself is a necessary, but not a sufficient
condition to enable human use of resources in the economy.
Accessibility is an additional necessary condition. Furthermore, and
more importantly, on a global scale, the availability of resources cannot
be compromised if elements are considered, since elements cannot be
destroyed, except through radioactive transformations, or losses into
space, neither of which are considered here. Where configurations ra-
ther than elements are considered, the situation is different, since their
availability can be compromised if they are destroyed through use.
The perspectives vary in terms of the types of resources they con-
sider, i.e. elements, configurations or both. They consider mid- or long-
term temporal scopes of 25 or 100 years, but no shorter temporal
scopes.
2.2.3. Towards problem definitions: determining the compromising actions
For each of the five perspective combinations shown in Table 3, the
team members were asked to (freely) determine the compromising
action(s) they considered most relevant and important. The compro-
mising actions can be considered precursors to more detailed problem
definitions. For example, dissipation of resources is an action which
could compromise the accessibility of elements under a global scope
and a temporal scope exceeding 100 years. Table 3 shows a compilation
of the answers. Compromising actions are the actions which lead to the
problem. It can broadly be argued that the problem is then defined
through the criteria outlined in Table 3, i.e. through the goal (accessi-
bility or availability), scope, and the compromising action. For ex-
ample, for the first combination listed in Table 3 the problem could be
defined as ‘reduction in accessibility of elements through dissipation or
competitive use on a global scale during a time period exceeding the
next 100 years’. Since for each of the combinations, the role, goal and
scope were already defined, the list of compromising actions turned out
to be relatively short and thus manageable.
3. Discussion and outlook
The SUPRIM project was unusual in that it added an extra step prior
to the orthodox development of an LCIA method: The development of a
structured framework and the engagement of stakeholders in order to
obtain a sound understanding of what is actually the problem that the
indicator ought to reflect were introduced before the development of
the indicator itself. The following discussion and outlook section re-
flects on the need for this step, i.e. on whether the procedure was
worthwhile in terms of its insights for the research field of resource use






































































































































































































































































































































































































































R. Schulze, et al. Resources, Conservation & Recycling 154 (2020) 104596
7
other topic areas relevant to LCIA.
3.1. Relevance of findings regarding the assessment of abiotic resource use
(minerals and metals) in LCIA
A framework was developed with the intention to cover a number of
important questions to enable the systematic elaboration of a number of
perspectives on the use of abiotic resources, ultimately to provide more
clarity on what is to be assessed in LCIA for the topic of abiotic resource
use. If LCIA methods reflect the concerns of most stakeholders, they are
more likely to be used by LCA practitioners, which again allows LCA as
a method to contribute to the sustainable management of resources.
The direct result from this exercise is first the definition of a perspective
type, backed by a small but diverse and representative group of sta-
keholders of resource experts from industry, policy support, research
and academia, who had discussed relevant issues within their networks
beforehand, and are thus likely to reflect the thinking of their organi-
zations. The Perspective Type was subsequently adopted by the ‘Task
Force Mineral Resources’ as well. Second, it is the definition of four
perspectives which were used as a foundation to develop methods on
for the assessment of resource use in SUPRIM. Furthermore, the process
outlined in this paper and the definition and selection of perspectives
for SUPRIM can be used as an input for further work on this topic, i.e.
the development of methods to assess the impacts of resource use. The
work undertaken in SUPRIM has helped identify a number of important
criteria regarding the perspective on resources which have often not
been explicitly defined for LCIA methods on resource use (Fig. 3). The
suggested criteria can help bring some transparency into the complex,
multifaceted topic of resource use. Using a framework can also support
the categorization of existing methods and thus the idea of a “toolbox”,
i.e. a guide to the large number of methods on resource use amongst
which the users can choose the methods according to their needs.
Furthermore, an effort has been made to define and distinguish the
terms “availability” and “accessibility”, which are central to the defi-
nition of the perspective on resources. If appropriately reflected by the
chosen LCIA method, different perspectives on different multi-faceted
issues should lead to different impact assessment results. For this
reason, and for the sake of transparency, we consider it advisable to
thoroughly define the perspective taken by each method.
3.2. Applicability of approach to other impact categories in LCIA
The observation of a mismatch between the intended perspective of
an LCIA method and the perspective taken by the author of an LCA
study that uses it has been given as a rationale for the development of
new LCIA methods (Adibi et al., 2014; Schulze et al., 2017). This does
not seem to be a phenomenon specific to metals and minerals though:
For example, different perspectives on the use of water and their re-
flection in different LCIA approaches are discussed in the literature
(Byrne et al., 2017; Le Roux et al., 2018) and water is also considered a
resource. Therefore, beyond the immediate findings obtained from this
consensus process, we reflect on other impact categories in LCIA which
could also benefit from a structured approach to defining the perspec-
tives to streamline and structure the further development of LCIA
methods.
One impact category which may benefit from the use of a per-
spective-finding process is the topic of water use in LCIA. As with
abiotic (and any other) resource use, the topic is complex and is being
addressed from different perspectives. Perspectives on water use range
from concerns over the availability of water relevant to the functioning
of ecosystems in the respective watershed areas to concerns over
competitive water use by humans for agricultural or other purposes
(Boulay et al., 2018; Le Roux et al., 2018; Núñez et al., 2016). The topic
also concerns human health impacts. As with abiotic resources, the
maintenance or improvement of the quality of water can also be con-
sidered an alternative or additional goal to the management of its
availability. Despite the apparent parallels between the management of
metals and minerals versus the management of water resources, there
are some differences which are likely to impact the choice of suitable
modelling approaches. For example, water availability is typically
considered a local (or regional) issue, whereas many metals are traded
on a global market. Furthermore, with the use of abiotic resources,
individual types of resources are evaluated against each other through
characterization, since they can fulfill different purposes, depending on
the stated perspective. Provided a suitable quality, water as such is in
principle exchangeable.
Land use (change) is another impact category in LCIA where the
application of a perspective-finding process might be beneficial to ex-
plain the underlying thinking and to inform further method develop-
ment. A need for greater transparency of how land use (change) is
addressed in LCIA has recently been highlighted in the literature (De
Rosa, 2018). As with resource use, the topic can be considered from
different perspectives, including the land’s availability to produce bio-
mass (Brandão and I Canals, 2013), the land’s role in supporting bio-
diversity (Knudsen et al., 2017; Teixeira et al., 2016) and indirect im-
pacts of land use change on global warming (e.g. through deforestation)
(Schmidt et al., 2015). Other, more socioeconomic issues with land use
may concern the availability of land for use by humans for agricultural
or other purposes (De Rosa, 2018).
The assessment of biotic resource use has not played a large role in
LCIA in the past (Sonderegger et al., 2017), but has received some more
interest in recent years (see e.g. Crenna et al., 2018; Emanuelsson et al.,
2014; Langlois et al., 2014; Bach et al., 2017). Biotic resources dis-
cussed in an LCIA context include fish stocks and a variety of other
plants and animals which are hunted or harvested, but do not fall under
the category of agricultural products (Sonderegger et al., 2017, citing
Klinglmair et al., 2014). Some methods focus on biotic resource use
only. Others, e.g. exergy-based methods, address both biotic and abiotic
resources in parallel. Although recently some impact assessment
methods have been developed for different types of biotic resources, the
corresponding life cycle inventory data is often still missing, limiting
the applicability of the methods (Crenna et al., 2018). As is the case
with other resource related issues, the use of biotic resources can be
approached from different perspectives. For example, Crenna et al.
mention the role of the biotic resources in supporting ecosystem service
functions and the role they play in socio-economic systems for human
use. The differences in perspectives would consequently result in sev-
eral different impact pathways, and thus, in several different methods.
For this reason, and since the topic area is not too established in LCIA
yet, it could benefit from a transparent and structured pre-indicator
development process as conducted in the SUPRIM project for abiotic
resources. Abiotic resource use, biotic resource use and water and land
use (change) all fall under resource-related impact categories, which
are complex, and have been busying the LCIA community for years
(Alvarenga et al., 2016; Boulay et al., 2018; Dewulf et al., 2015; Guinée
and Heijungs, 1995; Hauschild et al., 1998; Núñez et al., 2016; Schmidt
et al., 2015; Sonderegger et al., 2017; Stewart and Weidema, 2005; van
Oers et al., 2002). Some emission-related impact categories, such as
global warming, eutrophication and acidification are more straight-
forward to assess than resource-related impacts since they are more
established, with clear impact pathways and management goals. Those
categories are thus less likely to profit from a consensus finding process
prior to the development of an indicator. But emissions-related impacts
may be very complex to assess as well, especially for endpoint models in
LCIA (Bare et al., 2000) - for example when trying to model their effects
on complex ecosystems. There, the complexity is not only due to
challenges in physico-chemical fate modelling: Also, questions about
the goal and scope as implemented in SUPRIM could help clarify the
perspectives taken by the respective methods (Guinée et al., 2017;
Tukker, 2002). Other new topics for impact categories in LCIA, in
particular such complex and multifaceted topics as ecosystem services,
and topic areas such as social LCA, which is currently less established
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than environmental LCA, could also benefit from a process similar to
the SUPRIM consensus-finding process. The framework developed in
SUPRIM could be considered a starting point for such perspective-
finding processes which can be adjusted and developed further when
applied in other topic areas. A method which can build upon a con-
sensus process that was able to profit from the input from a carefully
composed and diverse group of stakeholders can benefit from this
process threefold: First, making an effort to obtain clarity regarding the
perspective on a complex issue (such as resource use, water use etc.)
prior to the development of a method is the basis for the development of
an internally consistent method, since the authors themselves profit
from the clarity. Second, the clarity obtained through the extensive
discussions should enable an easy communication of the perspective
which the method takes, making it quicker and easier for users to de-
cide if the method fits their purpose. Third, a method which can rely on
a consensus process backed by a diversity of stakeholders as done in
SUPRIM is more likely to be supported in situations where a method
recommendation is required, e.g. for use in EPD schemes, or in other
private or public benchmarking situations.
Author contribution statement
The project team conceptualized the ideas presented in the manu-
script. The first author wrote the first draft of the manuscript and re-
vised the text as requested by the co-authors and reviewers. The co-
authors contributed through the discussion of concepts and ideas, and
by providing textual and verbal comments throughout the whole pro-
cess.
Declaration of Competing Interests
The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.
Acknowledgements
The authors would like to thank KIC EIT Raw Materials for funding
the SUPRIM project (project number 16121, project website: http://
suprim.eitrawmaterials.eu/). Furthermore, we would like to thank the
participants and contributors of the first SUPRIM workshop for their
valuable input: Mats Lindblom (Boliden), Adrián González (Cobre las
Cruces), Juan Manuel Escobar Torres (Cobre las Cruces), Ilse Schoeters
(Rio Tinto for Eurometaux), Andrea Russell-Vaccari, (International
Copper Association), Ester van der Voet (Leiden University), Tobias
Kampmann (Luleå University of Technology), Glenn Bark (Luleå
University of Technology), Markus Berger (TU Berlin for the Life Cycle
Initiative hosted by UN), Thomas Sonderegger (ETH for the Life Cycle
Initiative hosted by UN), Aritz Alonso (Tecnalia), Gian Andrea Blengini
(JRC), Anita Alajoutsijärvi (Agnico Eagle), Jacques Villeneuve (BRGM),
Stéphanie Muller (BRGM), Rolf Frischknecht (treeze Ltd.) and
Euromines/ KGHM. Last but not least, we would like to thank three
anonymous reviewers for their valuable comments.
References
Adibi, N., Lafhaj, Z., Gemechu, E.D., Sonnemann, G., Payet, J., 2014. Introducing a multi-
criteria indicator to better evaluate impacts of rare earth materials production and
consumption in life cycle assessment. J. Rare Earths 32, 288–292. https://doi.org/10.
1016/S1002-0721(14)60069-7.
Ali, S.H., Giurco, D., Arndt, N., Nickless, E., Brown, G., Demetriades, A., Durrheim, R.,
Enriquez, M.A., Kinnaird, J., Littleboy, A., Meinert, L.D., Oberhänsli, R., Salem, J.,
Schodde, R., Schneider, G., Vidal, O., Yakovleva, N., 2017. Mineral supply for sus-
tainable development requires resource governance. Nature 543, 367–372. https://
doi.org/10.1038/nature21359.
Alvarenga et al., 2016, Alvarenga, R.A.F.; Lins, I.D.O.; Almeida Neto, J.A. Evaluation of
Abiotic Resource LCIA Methods. Resources 2016, 5, 13. (note that MPDI journals
dont use page numbers - see https://www.mdpi.com/about/announcements/784 .
Ansell, C., Gash, A., 2008. Collaborative Governance in Theory and Practice. J Public
Adm Res Theory 18 (4), 543–571. https://doi.org/10.1093/jopart/mum032.
Bach, V., Berger, M., Mikosch, N., Finkbeiner, M., 2017. Assessing the availability of
terrestrial biotic materials in product systems (BIRD). Sustainability 9 (1), 137.
https://doi.org/10.3390/su9010137.
Bare, J.C., Hofstetter, P., Pennington, D.W., de Haes, H.A.U., 2000. Midpoints versus
endpoints: the sacrifices and benefits. Int. J. Life Cycle Assess. 5, 319. https://doi.
org/10.1007/BF02978665.
Berger, M., Sonderegger, T., Alvarenga, R., Bach, V., Cimprich, A., Dewulf, J., Drielsma,
J., Frischknecht, R., Guinée, J., Helbig, C., Huppertz, T., Motoshita, M., Northey, S.,
Rugani, B., Schrijvers, D., Schulze, R., Sonnemann, G., Thorenz, A., Valero, A.,
Weidema, B., Young, S., Zampori, L., 2019. UNEP SETAC task force resources – part
II: recommendations. submitted to (Int J LCA).
Boulay, A.M., Bare, J., Benini, L., Berger, M., Lathuillière, M.J., Manzardo, A., Margni, M.,
Motoshita, M., Núñez, M., Pastor, A.V., Ridoutt, B., Oki, T., Worbe, S., Pfister, S.,
2018. The WULCA consensus characterization model for water scarcity footprints:
assessing impacts of water consumption based on available water remaining
(AWARE). Int. J. Life Cycle Assess. 23, 368–378. https://doi.org/10.1007/s11367-
017-1333-8.
Brandão, M., I Canals, L.M., 2013. Global characterisation factors to assess land use im-
pacts on biotic production. Int. J. Life Cycle Assess. 18 (6), 1243–1252. https://doi.
org/10.1007/s11367-012-0381-3.
Byrne, D.M., Lohman, H.A., Cook, S.M., Peters, G.M., Guest, J.S., 2017. Life cycle as-
sessment (LCA) of urban water infrastructure: emerging approaches to balance ob-
jectives and inform comprehensive decision-making. Environ. Sci-Wat Res. 3https://
doi.org/10.1039/c7ew00175d. https://images.webofknowledge.com/images/help/
WOS/E_abrvjt.
Crenna, E., Sozzo, S., Sala, S., 2018. Natural biotic resources in LCA: towards an impact
assessment model for sustainable supply chain management. J. Clean. Prod. 172,
3669–3684. https://doi.org/10.1016/J.JCLEPRO.2017.07.208.
De Rosa, M., 2018. Land use and land-use changes in life cycle assessment: green mod-
elling or black boxing? Ecol. Econ. 144 (C), 73–81. https://doi.org/10.1016/j.
ecolecon.2017.07.017.
Devane et al. BMC Pregnancy and Childbirth (2019) Identifying and prioritising mid-
wifery care process metrics and indicators: a Delphi survey and stakeholder con-
sensus process 19:198 https://doi.org/10.1186/s12884-019-2346-z .
Dewulf, J., Benini, L., Mancini, L., Sala, S., Blengini, G.A., Ardente, F., Recchioni, M.,
Maes, J., Pant, R., Pennington, D., 2015. Rethinking the area of protection “natural
resources” in life cycle assessment. Environ. Sci. Technol. 49, 5310–5317. https://
doi.org/10.1021/acs.est.5b00734.
Emanuelsson, A., Ziegler, F., Pihl, L., et al., 2014. Accounting for overfishing in life cycle
assessment: new impact categories for biotic resource use. Int. J. Life Cycle Assess. 19
(5), 1156–1168. https://doi.org/10.1007/s11367-013-0684-z.
Freitas de Alvarenga, R., Dewulf, J., Guinée, J., Schulze, R., Weihed, P., Bark, G.,
Drielsma, J., 2019. Towards product-oriented sustainability in the (primary) metal
supply sector. Resour. Conserv. Recycl. 145, 40–48.
Frischknecht, R., Fantke, P., Tschümperlin, L., Niero, M., Antón, A., Bare, J., Boulay, A.,
Cherubini, F., Hauschild, M.Z., Henderson, A., Levasseur, A., Mckone, T.E.,
Michelsen, O., Milà, L., 2016. Global guidance on environmental life cycle impact
assessment indicators: progress and case study. Int. J. Life Cycle Assess. 429–442.
https://doi.org/10.1007/s11367-015-1025-1.
Damien Giurco, Benjamin McLellan, Daniel M. Franks, Keisuke Nansai, Timothy Prior,
Responsible mineral and energy futures: views at the nexus, Journal of Cleaner
Production, Volume 84, 2014, Pages 322-338, ISSN 0959-6526, https://doi.org/10.
1016/j.jclepro.2014.05.102 . (http://www.sciencedirect.com/science/article/pii/
S0959652614006805).
Goedkoop, M., Heijungs, R., Huijbregts, M., De Schryver, A., Struijs, J., Van Zelm, R.,
2009. ReCiPe 2008 First Edition Report I: Characterisation.
Gorman, M.R., Dzombak, D.A., 2018. A review of sustainable mining and resource
management: transitioning from the life cycle of the mine to the life cycle of the
mineral. Resour. Conserv. Recycl. 137, 281–291. https://doi.org/10.1016/j.
resconrec.2018.06.001.
Guinée, J., Heijungs, R., 1995. Guinee & Heijungs ET&C Vol4 No 5 pp917-925.pdf.
Environ. Toxicol. Chem. 14, 917–925.
Guinée, J.B., Heijungs, R., Vijver, M.G., Peijnenburg, W.J.G.M., 2017. Setting the stage
for debating the roles of risk assessment and life-cycle assessment of engineered
nanomaterials. Nat. Nanotechnol. 12, 727–733. https://doi.org/10.1038/nnano.
2017.135.
Hauschild, Michael, Wenzel, H., 1998. Environmental Assessment of Products – Volume
2: Scientific Background. Springer US.
Hellweg, S., Hofstetter, T.B., Hungerbuehler, K., 2003. Discounting and the environment
LCA methodology with case study should current impacts be weighted differently
than impacts harming future generations? Int. J. Life Cycle Assess. 8, 8–18. https://
doi.org/10.1065/Ica2002.09.097.
Innes, J.E., 1996. Planning Through Consensus Building: A New View of the
Comprehensive Planning Ideal. Journal of the American Planning Association 62 (4),
460–472. https://doi.org/10.1080/01944369608975712.
Jolliet, O., Frischknecht, R., Bare, J., Boulay, A., Bulle, C., 2014. Global guidance on
environmental life cycle impact assessment indicators: findings of the scoping phase.
Int. J. Life Cycle Assess. 962–967. https://doi.org/10.1007/s11367-014-0703-8.
Klinglmair, M., Sala, S., Brandão, M., 2014. Assessing resource depletion in LCA: a review
of methods and methodological issues. Int. J. Life Cycle Assess. 19 (3), 580–592.
https://doi.org/10.1007/s11367-013-0650-9.
Knudsen, M.T., Hermansen, J.E., Cederberg, C., Herzog, F., Vale, J., Jeanneret, P.,
Sarthou, J.-P., Friedel, J.K., Balázs, K., Fjellstad, W., Kainz, M., Wolfrum, S., Dennis,
P., 2017. Characterization factors for land use impacts on biodiversity in life cycle
R. Schulze, et al. Resources, Conservation & Recycling 154 (2020) 104596
9
assessment based on direct measures of plant species richness in European farmland
in the ‘Temperate Broadleaf and Mixed Forest’ biome. Sci. Total Environ. 580,
358–366. https://doi.org/10.1016/j.scitotenv.2016.11.172.
Langlois, J., Fréon, P., Delgenes, J., Steyer, J., Hélias, A., 2014. New methods for impact
assessment of biotic-resource depletion in life cycle assessment of fisheries: theory
and application. J. Clean. Prod. 73, 63–71. https://doi.org/10.1016/J.JCLEPRO.
2014.01.087.
Le Roux, B., van der Laan, M., Gush, M.B., Bristow, K.L., 2018. Comparing the usefulness
and applicability of different water footprint methodologies for sustainable water
management in agriculture. Irrig. Drain. 799, 790–799. https://doi.org/10.1002/ird.
2285.
Núñez, M., Bouchard, C.R., Bulle, C., Boulay, A.M., Margni, M., 2016. Critical analysis of
life cycle impact assessment methods addressing consequences of freshwater use on
ecosystems and recommendations for future method development. Int. J. Life Cycle
Assess. 21, 1799–1815. https://doi.org/10.1007/s11367-016-1127-4.
Schmidt, J.H., Weidema, B.P., Brandão, M., 2015. A framework for modelling indirect
land use changes in Life Cycle Assessment. J. Clean. Prod. 99, 230–238. https://doi.
org/10.1016/j.jclepro.2015.03.013.
Schulze, R., Guinée, J.B., Van Oers, L., Alvarenga, R.A.F., Dewulf, J., Drielsma, J., 2019.
Abiotic resource use in life cycle impact assessment – Part II – Linking perspectives
and modelling concepts. Resour. Conserv. Recycl.
Schulze, R., Lartigue-Peyrou, F., Ding, J., Schebek, L., Buchert, M., 2017. Developing a
life cycle inventory for rare earth oxides from ion-adsorption deposits: key impacts
and further research needs. J. Sustain. Metall. 3, 753–771. https://doi.org/10.1007/
s40831-017-0139-z.
Sonderegger, T., Berger, M., Alvarenga, R., Bach, V., Cimprich, A., Dewulf, J., Drielsma,
J., Frischknecht, R., Guinée, J., Helbig, C., Huppertz, T., Motoshita, M., Northey, S.,
Rugani, B., Schrijvers, D., Schulze, R., Sonnemann, G., Thorenz, A., Valero, A.,
Weidema, B., Young, S., Zampori, L., 2019. UNEP SETAC task force resources - part I:
review. Int. J. LCA submitted.
Sonderegger, T., Dewulf, J., Fantke, P., de Souza, D.M., Pfister, S., Stoessel, F., Verones,
F., Vieira, M., Weidema, B., Hellweg, S., 2017. Towards harmonizing natural re-
sources as an area of protection in life cycle impact assessment. Int. J. Life Cycle
Assess. 1–16. https://doi.org/10.1007/s11367-017-1297-8.
Stewart, M., Weidema, B., 2005. A consistent framework for assessing the impacts from
resource use: a focus on resource functionality. Int. J. Life Cycle Assess. 10 (4),
240–247. https://doi.org/10.1065/lca2004.10.184.
Teixeira, R.F.M., Maia de Souza, D., Curran, M.P., Antón, A., Michelsen, O., Milà i Canals,
L., 2016. Towards consensus on land use impacts on biodiversity in LCA: UNEP/
SETAC Life Cycle Initiative preliminary recommendations based on expert con-
tributions. J. Clean. Prod. 112, 4283–4287. https://doi.org/10.1016/j.jclepro.2015.
07.118.
Tukker, A., 2002. Risk analysis, life cycle assessment—the common challenge of dealing
with the precautionary frame (based on the toxicity controversy in Sweden and the
Netherlands). Risk Anal. 22.
UN Environment, 2019. About the Life Cycle Initiative [WWW Document]. URL https://
www.lifecycleinitiative.org/about/about-lci/ (Accessed 1.21.19). .
van Oers, L., Guinée, J., 2016. The abiotic depletion potential: background, updates, and
future. Resources 5, 16. https://doi.org/10.3390/resources5010016.
van Oers, L., De Koning, A., Guinée, J.B., Huppes, G., 2002. Abiotic Resource Depletion in
LCA. pp. 1–75.
R. Schulze, et al. Resources, Conservation & Recycling 154 (2020) 104596
10
